Lunar and Planetary Science XXVIII

1833.PDF

PROPERTIES OF SHOCKED AEROGEL. W.W. Anderson, Department @eologyand Physics, Georgia Southwestern
State University, Americus, GA 31709; bill@gsw1500.gsw.peachnet.edu.

A wide range of ultra-low density media have been
considered fouse in capturing interplanetary dust particles
(IDP's).  Most recent workhas concentrated on silica
aerogel as the capture mediurnly within the past few
years, however, has a sizakkt of data on thbehavior of
aerogel undeshock compression becoragailable. These

$=1201+ 0824,

at high velocity, where&, is expressed in km/s arpdo is
expressed in Mg/f

Examination ofP-V curves calculated fronthe Us-up
relations showghat, justabovethe break in slope, the

data can be used as a starting point in developing models fofyensity begins to decrease with increasshgck pressure.

the properties oEhocked aerogethat arenecessary for
understanding the behavior of IDP impacts into aerogel.

The pressure, density, and intereakergy in a shocked
material are given by

Ry = R = PooUsUp
PH =p0(ps/(us_up)

En - By = FWo— Wi)/2= 4?/2

whereV = 1pp is thespecific volumeandUs andu, are the
speed of the shock wave asttbockmaterial, respectively, in
the restframe of theunshocked material. The subscript 00
denotes theporous material whilehe subscripts 0 anHi
refer to the initial state and ttendition onthe Hugoniot
curve. Itis common to assume tRatandEy are zero.

The shock waverelocity, Us, is often expressed as a
linear function of the particle velocity,:

Us=Cp+ sy,

where Cy and s are empirical constants. Thghock
Hugoniot curves of manynaterials consist of two anore
such straightine segments, reflectinghanges in behavior
that resultfrom phase changes. Dataw existfor a range
of aerogel densitiedl-5], giving rise to theshock Hugoniot
curves shown in Figure 1. Alte scale of Figure Bll the
Hugoniot curvedall close to one another. FiguresBows
thecurves at an expanded scale. Ta¢a,covering a wide

Both the break in theJs-u, curveand theoccurrence of a
density minimum at similar shock conditions is probably the
result ofbond breakage. This bond breakage should have a
significant effect onthe temperature andiscosity of the
shocked aerogel.

Estimation of the temperature in tebhock-compressed
state requires us taccount for bothhe bond breakage and
the compression process. The totalergy can be divided
into a cold compressiorpart, a thermal part, and a
configurationalpart (which includes thenergythat goes
into rupturing bonds). For calculatinge temperature, we
are interested in the thermal partJsually, the thermal
energy isestimated is by subtracting the ottoemponents
of the energy from the total.

We can approximatéhe cold compressiorpart of the
energy by assuming isentropic compresdiom STP to the
volume of interest, after taking thdond breakage into
account. Fowery porousstarting materials, we can usually
expect to find that theold compression energy is relatively
small.

Most of theconfigurational energy change, which we
will call the transition energy, Eir, consists ofenergy
required to disrupt chemical bonds. the case of Sig) the
bond strengthper mole of SiQ, calculated from the
enthalpy of formation and bond strengthghe# elements in
their standard states, is 1.852 MJ/mol (30.9 MJ/kg). This is
the decomposition energy. The equilibrium constant for
complete decomposition can be approximated as

K= XSiXOZ/XSiQ = 4xr3/(1— X) = & %Fe/En

range of conditions, suggest a general qualitative model of WhereEs is thebond energyer unit of mass an is the

the aerogelHugoniot curvethat consists of straight line
segments, with a slight break in slopecurring in the
regionu, = 4 km/s. The values @ ands can be expressed
as functions of the initial densipg o, with

Co =436- 202400+ 41Bo¢

$=0.700+ 24 0y — 36807

at low velocity and

CO = _0947+ 17&00

thermal part of theshock energy. The factor of 3 in the
exponential reflects the spatial degreesfreedom in the
system. The advantage of castthg equilibrium constant
in this form is that it does not require pridknowledge of
the temperature. The actuahount of reactiox is given

by
X=X e—T/t

wheret is the time constant for the reaction anslthe time
availablefor the reaction. In the case obaw shock wave
in front of an IDPthis is the time required between arrival
of theshock waveand the arrival of th&ont surface of the
particle. The transition energy is then given by



Lunar and Planetary Science XXVIII 1833.PDF

SHOCKED AEROGEL: W. W. Anderson

References:

E, = xEg [1] Holmes, N.C., H. B. Radousky, M. J. Moss, W. J.
Nellis, and S. HenningAppl. Phys. Lett., 45626-628,
1984.

We can estimatthe temperature afhocked aerogel for
comparisonwith experiments by using the equilibrium
value ofx and assuming that tleeld compression energy is
negligible. The temperature then is given by

[2] Simakov, G.V., and R. F. Trunin|zv. Earth Physics,
26, 952-956, 1990.
[3] Rabie, R., and J. J. Dick, i8hock Compression of
Condensed Matter 19987-90, 1992.
T= (EH _ Etr)/Q [4] Holmes, N.C., and E. F. See, i8hock Compression of
Condensed Matter 19991-94, 1992.
o -~ [5] Vildanov, V. G., M. M. Gorshkov, V. M.
Here, we use the Dulong-Petite linidr the specific heat Slobodenjukov, and E. H. Rushkovan, iShock
. - 3 > , . . )
Cv. For aerogel wittpoo = 0.13Mg/m" for up = 6.56 km/s, Compression in Condensed Matter - 19981-124, 1996.
we getT = 11400 K, which compares to an experimental
value of 1080 1200 K [1].

2 a -
&) /// 2
18/ "{{
167 // i ’/ g
| oy s
E“'- /f Es 74
12+ # = o
i s
8 3
E % §2
4l
2 1 -~
- | I .
0 2 4 B8 8 10 12 14 16 18 0 1 2 3 4 g5 &
Farticle elocity (km's) Partiche Velocity (kis)

Figure 2. Expanded view of Hugoniot curya®sented in
Figure 1. Typicallythe higher values gby correspond to
the curves positioned higher in the graph.

Figure 1. Experimental Hugoniofsr aerogelwith poo in
the range from 0.13 Mgffio 0.55 Mg/ri.



